Collision of two solitons of the Manakov system is studied analytically. Existence of a complete polarization mode switching regime is proved and the parameters of solitons prepared for polarization switching are found.
The idea of an analytical approach to the description of polarized (vector) soliton dynamics in nonlinear optical fibers is based on the fact [1] that for some values of the parameters the original system of coupled nonlinear Schrödinger equations transforms to the Manakov system iq 1z + 1 2 q 1τ τ + |q 1 | 2 + |q 2 | 2 q 1 = 0, (1) iq 2z + 1 2 q 2τ τ + |q 2 | 2 + |q 1 | 2 q 2 = 0 which was shown to be integrable by Manakov [2] . Here q 1 and q 2 are normalized envelopes of the two modes of the soliton. τ and z are, correspondingly, the normalized retarded time and distance along the fiber. The one-soliton solution for Eq. (1) reads
where θ l = |θ l |e iφ l , l = 1, 2, |θ l | and φ l are the intensity and initial phase of l-th mode of the soliton, |θ 1 | 2 +|θ 2 | 2 = 1, 2ξ and 2η are the velocity and amplitude of the soliton, correspondingly. Many-soliton solutions of the Manakov system can be easily retrieved with the help of the Riemann-Hilbert problem approach. A detailed analysis of the associated Riemann-Hilbert problem and the perturbation theory for Manakov solitons can be found in Ref. 3 . Below we will give the formulas describing collision of two Manakov solitons with arbitrary polarization states. Introduce a two-dimensional column vector | θ (called below the theta parameter) to describe the phase and polarization state of a soliton. Then the conjugate transpose row vector is denoted θ |. Considering two-soliton solution of the Manakov system (1) under the condition that ξ 2 > ξ 1 one obtains the transformation formulas for the parameters | θ (1) and | θ (2)
, where the upper minus and plus denote the theta parameters before and after the collision, correspondingly, k j = ξ j + η j , j = 1, 2, and β reads
For the first time the above transformation was derived in Ref. 2. Here it is represented in an equivalent form. It is easy to verify that the theta parameters are submitted to the following simple identity
.
Additional to the transformation (3) are the initial (time slot) position shifts of the two colliding solitons: θ (2) and | (−) θ (1) we obtain
The set of parameters {|
, |
} is a close one due to the fact that β admits also the following equivalent representation
Let us put
where α 1 , φ 1 , φ 2 and ψ are given values. Define also
From Eq. (7) for the initial theta parameter of soliton 2 we obtain
From Eq. (11) after not difficult calculations we get values of the defined in Eq. (9) initial polarization angle and phase difference of soliton 2 prepared for complete polarization switching by collision with soliton 1 having the phase vector given in Eq. (9):
Thus, it is analitically shown that vector solitons governed by the system of coupled nonlinear Schrödinger equations exhibit a novel type of soliton collision -the soliton polarization state switching. In the case when the Manakov system is the real model equations, the polarization switching will be complete. The soliton polarization state switching can be used for the construction of logic elements on bright vector solitons.
